ABSTRACT: Diabetes is the fifth leading cause of death worldwide. Diabetic ketoacidosis (DKA) is a life-threatening acute complication of diabetes. The aim of this study is to investigate the clinical and biochemical characteristics of DKA among 400 patients admitted to hospital, most of whom had type 1 diabetes (n = 372; 93%). Vomiting (n = 319; 79.8%), nausea (n = 282; 70.5%), and abdominal pain (n = 303; 75.8%) were the presenting symptoms most commonly experienced by the patients. Tachycardia was the most common clinical sign noted in the patients on admission (n = 243; 61.8%). The predominant precipitating cause of DKA was noncompliance to an insulin regimen (n = 215; 54.2%). Recurrent DKA admissions in type 1 diabetes patients was higher than those with type 2 diabetes (n = 232 versus n = 9, respectively; P = 0.002). Recurrent DKA admissions in female patients were higher than in male patients (n = 167 versus n = 74, respectively; P = 0.002). Continued diabetic education (given to n = 384; 94%) and counseling on the importance of adhering to the recommended medical regime, addressing the social and cultural barriers that precipitate DKA, as well as the provision of timely medical attention may greatly reduce DKA episodes and their associated complications.
Introduction
Diabetes is considered the fifth leading cause of death, and it is a leading cause of morbidity and mortality in the developed world, as well as in many developing countries. Diabetes prevalence (in adults) is reported to be 24% in Saudi Arabia, 1 which is higher than that reported in the developed countries. According to the International Diabetes Federation, the diabetes rate in Saudi Arabia in 2015 was 17.6%. 2 Diabetic ketoacidosis (DKA) is one of the life-threatening acute complications of diabetes mellitus (DM) that mainly occurs in type 1 diabetes patients, as well as in some patients with type 2 diabetes. It tends to present under stressful conditions or in association with illnesses that feature metabolic decompensation. DKA is characterized by hyperglycemia, ketoacidosis, and ketonuria. 3 DKA affects both children and adults and requires immediate attention. The true annual incidence rate for DKA is difficult to establish, but population-based studies have reported ranges from 4.6 to 8 cases per 1,000 patients with diabetes. 4, 5 DKA rates may be between 5% and 7% in individuals aged ,18 years. 6 The global incidence of DKA is influenced by various factors and is reflective of the prevalence of diabetes in that population. 7, 8 Mortality due to DKA is ,5% according to the American Diabetes Association (ADA). 8, 9 Most cases of DKA arise due to missed insulin doses, either as a result of negligence or poor socioeconomic status. 10 Other precipitators of DKA include infections, cerebrovascular accidents, alcohol/drug abuse, pancreatitis, myocardial infarction, and trauma. Simple lifestyle modifications, such as educating the patients about not missing any insulin doses-especially during illness-and providing the patients with an adequate insulin regimen, can greatly reduce DKA occurrence.
The mortality rate associated with DKA depends on the experience of the treating hospital in dealing with this condition; 11 thus, it is critical that patients detect DKA and get medical help as soon as possible. The management of DKA has improved over the years, as evident by the decrease in the death rate. 12 It is recommended that ketoacidosis should be considered upon the first admission of diabetic children and high-risk patients; in this vein, blood glucose and ketones should be measured upon first admission to the emergency room. Despite the major health burden of DKA, there have been a few studies conducted on its clinical and biochemical characteristics in the Kingdom of Saudi Arabia (KSA) or the Arab world.
Diabetic education and the importance of correct medication should be taught from the beginning of diabetes diagnosis, especially for type 1 diabetes patients, in order to identify DKA symptoms at the earliest possible time. Accordingly, we propose to perform a retrospective cohort study of the clinical and biochemical characteristics of DKA in diabetic patients presenting to a tertiary center in Riyadh, KSA. These risk factors will be analyzed by studying their association with DKA. This study will define and determine the clinical and biochemical characteristics of DKA. Our study will provide the critical information required for the KSA; it will allow the appropriate measures to be implemented to optimally address the prevention, diagnosis, and treatment of DKA; and it will also provide intensive education to increase the awareness of DKA, DM, and other risk factors.
Methods
This study is a retrospective observational cohort study of 400 consecutive patients with DKA who presented to the emergency room at the tertiary center from June 2014 to May 2015. This research complied with the principles of the Declaration of Helsinki. The sample size is calculated to be 400 patients (154 male and 246 female) at the level of significance of α = 0.05, with an estimated prevalence rate of 30% and 50% for male and female diabetic patients, respectively, with a power of 94%. The large sample size of consecutive cases provides the necessary power to perform a detailed analysis in order to study DKA. Patients under 12 years of age are seen by pediatric endocrinologists; as such, all type 1 and type 2 diabetes patients aged 12 years and older with DKA are included. Cases of DKA will be identified by the ADA (2006) criteria for the definition of DKA; metabolic acidosis is often the most prevalent finding, while the serum glucose concentration is generally below 800 mg/dL (44 mmol/L). However, serum glucose concentrations may exceed 900 mg/dL (50 mmol/L) in comatose patients with DKA. We review all the cases and classify them according to these criteria, with the previously demonstrated validity for enrollment in this retrospective cohort study. Patients with hyperosmolar state and hyperglycemia without ketacidosis were excluded. The availability of clinical data regarding DKA characteristics, glycemic data, the presence of other comorbidities, and documented HbA1c levels were also prerequisites for inclusion in this study.
For each patient, case report forms were completed, and the following variables were collected and recorded in an Excel sheet: age, sex, type and duration of diabetes, missed insulin doses, presenting signs and symptoms, vitals, body mass index, comorbidities, complications, duration of hospital stay, altered consciousness, and mental obtundation. The following investigations were also performed, including electrolyte changes, such as plasma glucose (mg/dL), arterial pH, serum bicarbonate (mEq/L), urine ketones, serum ketones, effective serum osmolality (mOsm/kg), anion gap, HbA1c results, vitamin D, thyroid-stimulating hormone (TSH), FT4, calcium, creatinine, sodium, potassium, and lactate. Definitions were established for all variables to ensure the standardization of data collection.
Continuous variables are represented as mean ± standard deviation (SD) and percentages. Unpaired t-tests were used to analyze the differences between means. The data were analyzed using the multivariate logistic regression model. The significance level for the results was set at P , 0.05. The data were analyzed using the Statistical Package for the Social Sciences for Windows version 12. The institutional review board of King Fahad Medical City, Riyadh approved this study.
Results
This study included 400 DKA admissions with a mean ± SD age of 21.4 ± 10.1 years. The overall mean duration of diabetes was 7.6 ± 5.3 years. The admissions included 154 (38.5%) male and 246 (61.5%) female patients. Of the 400 admissions, most (n = 395; 98.8%) of them were Saudis with type 1 diabetes (n = 372; 93%). A previous history of DKA was recorded in 241 (65%) patients, including both type 1 and type 2 diabetes patients. Intensive care unit (ICU) admission was required in 77 (19.3%) patients. The factors that warranted ICU admission were severe DKA as per ADA criteria and classification of DKA. The mean HbA1c level was 11.9% ± 2.6%. The patients' other baseline characteristics are listed in Table 1 . As documented in the patients' case report forms, of the 400 admissions, most had vomiting (n = 319; 79.8%), nausea (n = 282; 70.5%), and abdominal pain (n = 303; 75.8%) as the presenting symptoms. Other symptoms included polyuria (n = 105; 26.3%), polydipsia (n = 113; 28.2%), impaired level of consciousness (n = 83; 20.8%), shortness of breath (n = 55; 13.8%), and fever (n = 56; 14.1%). The presenting symptoms are listed in Table 2 . The predominant precipitating cause of DKA was noncompliance to the insulin regimen (n = 215; 54.2%). Stress accounted for precipitating DKA in 42 (10.6%) cases. Symptoms and signs of a triggering illness were pursued with appropriate studies (eg, cultures, imaging studies). Adults had an electrocardiogram to screen for acute MI. Younger patients had stress due to examination and social factors. This was assessed through general history taking. Other factors are presented in Table 3 .
Tachycardia was the most common clinical sign noted among the patients on admission (n = 243; 61.8%). Five patients had hypotension. One intrauterine fetal death (suspected due to no fetal movement and confirmed through ultrasound) occurred due to DKA complications in one patient. Bicarbonate treatment was administered to 18 patients (4.5%), while diabetic education was given to most patients (n = 384; 94%). Table 4 presents the average laboratory results of the patients' blood tests (pH, blood glucose, HCO 3 , anion gap, HbA1c, TSH, FT4, and vitamin D).
The mean ± SD recurrence rate of DKA (number of DKA admissions) was 1 ± 8. Recurrent DKA admissions in type 1 diabetes patients were higher than in type 2 diabetes patients (n = 232 versus n = 9, respectively; P = 0.002). There were more female patients than male patients who required recurrent DKA admissions (n = 167 versus n = 74, respectively; P = 0.002).
Discussion
A study conducted in Riyadh over the course of 20 years found that 80.4% of DKA episodes occurred in intermediate, secondary school, and university-level students. 13 A total of 16.6% patients with no history of diabetes presented with DKA as the first diabetes-related episode. The study found that precipitating factors for DKA included missed insulin dose in 51.2% of patients and infections in 22.5% of patients. 13 The mean duration of hospital stay was 6.56 ± 3.4 days, and there were no DKA-related deaths reported.
Another study from Jeddah found that both infection and poor compliance to treatment were the most common precipitating factors for DKA, as these were responsible for 54.4% and 28% of cases, respectively. DKA occurrence had a male:female ratio of 1.4:1. 10 A study from Iran showed a higher prevalence of DKA among girls than boys (53.1% and 46.9%, respectively).
14 Moreover, a recent study conducted on pediatric cases in Riyadh showed that nonadherence to insulin accounted for 79.4% of DKA admissions. 15 Female patients accounted for 56% of admissions.
Our study found a similar pattern as those reported in these studies, in that nonadherence/discontinued insulin therapy accounted for 54.2% of DKA admissions, which has been previously reported from various studies in the KSA 10, 13, [15] [16] [17] and in the neighboring countries. 14, 18 This is mostly due to socioeconomic reasons, where the patients try to stretch their medicine or they think they do not need it after they return to good health. Similarly, they may alter their medication throughout the course of the illness, or simply, they may not strictly adhere to their medication. Table 3 . estimated prevalence of precipitating factors in development of dKa.
PRECIPITATING FACTORS NUMBER (%)
Missing/non-compliance of insulin dose 215 (54. There was a predominance of female cases in our study, which concurs with the findings of previous studies, as well as with universal findings. Females are mostly noncompliant with their treatment due to social, personal, and domestic factors. A lack of knowledge of the importance of their medication is also an important factor. The DKA rates can be greatly reduced by providing good diabetic education on the importance of their insulin dosage; 19 we offered this education to most patients (93%).
With regard to presenting complaints, one study found that most patients had a history of vomiting for a duration of at least one day (74%), and 69% of the patients had abdominal pain. 15 Another study found vomiting to be a complaint in 64.7% of admissions. 11 The 20-year study conducted in Riyadh showed that vomiting occurred in 61.6% of patients, abdominal pain was present in 56.6% of admissions, polyuria was present in 57% cases, and polydipsia was present in 54.1% of admissions. 13 These findings are in agreement with our results. Gastrointestinal manifestations, including abdominal pain, are common in patients with DKA. 20 The blood glucose level observed at presentation is close to what was stated by other studies, 10, 13 while blood pH and bicarbonate levels were found to be lower. These characteristics were noted in diabetics with poor overall control of diabetes, as evidenced by the high mean A1c levels, which were primarily due to the fact that most patients were adolescents who were nonadherent to their insulin regime. Moreover, about 19.3% of patients required ICU admission; these findings are in agreement with the values associated with DKA. 21 The use of sugary drinks and chocolates by patients thinking they have hypoglycemia when they wrongly self-interpret their symptoms of nausea, vomiting, and abdominal pain complicates matters. Sick-day management should be taught to all patients; the patient should be advised to never discontinue insulin during their illness and that they should seek medical advice early in the course of their illness instead. 19 The 20-year study also found a reoccurrence of DKA in 54.5% of cases, 9 while our study yielded a value of 65%. One study that was recently performed in Damascus showed that the recurrence of DKA was found in 75% of females and in 87% of type 1 diabetes cases. 18 Our study reported that there was a recurrence rate of 69.29% in females and 67% in type 1 diabetes patients.
The zero mortality rate is highly outstanding compared with the rates found in other studies conducted in the KSA (values of 2.9%, 4.1%, and 3.5% were reported in three previous studies from the KSA 13 ). There was only one intrauterine fetal death arising from DKA complications in one patient in our study. This could be attributed to the immediate medical attention given at the center in diagnosing DKA episodes. Continued diabetic education on the importance of adhering to the prescribed medical regime, addressing the social and cultural barriers that precipitate DKA, and the provision of timely medical attention may greatly reduce DKA episodes.
Conclusion
Sick-day management should be taught to all patients; in fact, the patient should be advised to never discontinue insulin during the illness. Rather, he/she should seek medical advice early in the course of the illness. Continued diabetic education and counseling on the importance of adhering to medical regimes, addressing the social and cultural barriers that precipitate DKA, and the provision of timely medical attention can greatly reduce DKA episodes and their associated complications. It is our hope that a major reduction in morbidity and hospitalizations due to DKA can be achieved following our study.
